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This report summarizes an investigation of the hydrology o f an 
evaporation spray f ie ld  at the Rocky Flats Nuclear Weapons Plant in 
Jefferson County, Colorado. This study is part o f an on-going 
assessment o f the effects o f plant operations on the environment 
surrounding the plant.
The spray f ie ld  was o r ig in a l ly  intended to provide a means of 
using évapotranspiration fo r  disposal o f sanitary sewer treatment plant 
e f f lu e n t.  Evapotranspiration is only part of the hydrologie cycle of 
th is  s i te ,  and therefore runoff and in f i l t r a t io n  o f the water occur.
This investigation was undertaken to determine the actual 
destination o f the water once i t  was sprayed onto the s ite .
This was accomplished by determining the hydrologie system inflows and 
outflows and completing a water-balance of the s ite .  This was done fo r  
both 1988 and a 24 year average.
This investigation came to several major conclusions, which were,
1) A s ig n if ica n t amount of water sprayed on the f ie ld  went 
as recharge to the a l lu v ia l aquifer.
2) The évapotranspiration rate was determined to be 39 
inches, nearly twice the rate o r ig in a l ly  thought.
v
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3) The rate at which the water is  sprayed affects  the 
in f i l t r a t io n  and runoff rates, such that i f  the spray 
rate is above a given leve l, i n f i l t r a t i o n  rate remains 
the same while runoff increases. I f  the rate of spray 
f a l ls  below th is  given leve l, the i n f i l t r a t i o n  rate and 
runoff rate both drop.
4) A continuous bed of caliche runs beneath the spray f ie ld ,
and th is  a ffects the in f i l t r a t io n  rate.
The f in a l recommendations of th is  investigation are dependent on 
the fu ture in tent of elim ination of the water sprayed. I f  i t  is desired 
to i n f i l t r a t e  the water in to the a l lu v ia l aquifer, then the caliche must
be broken to allow in f i l t r a t io n ,  and winter storage fo r  the water must
be found when the frozen ground prevents i t .  I f  i t  is  desired to 
elim inate the water without in f i l t r a t io n  or runo ff,  then a series of 
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1.1 Site location and use
The Rocky Flats Nuclear Weapons Plant is  located in northern Jefferson 
County, Colorado, 5 miles south o f the Boulder County l in e ,  on Colorado 
highway 93 (Figure 1). The investigation s ite  is ju s t  east o f the plant 
compound along the access road from Indiana Street in an area o f the 
east buffer zone around the plant (Figure 2).
The s ite  is commonly known as the "South Spray F ie ld", and contains
approximately 14 acres (6 wetted acres to ta l)  of sprink ler and
ir r ig a t io n  piping used to spray-d istr ibute te r t ia r y  treated e ff luen t 
from a sanitary sewage treatment plant w ith in  the Rocky Flats Plant 
compound. This is done to sa t is fy  a requirement of the NPDES (National 
Pollution Discharge Elimination System) permit fo r  the p lant, which 
requires a l l  water used w ith in the Rocky Flats Plant to be disposed of 
w ith in  i ts  boundaries, with only minor exclusions fo r  contro lled 
releases to surface water sources going o f f  plant property.
The e ff lu e n t from the sanitary sewage treatment plant flows into 
one o f several holding ponds in the Walnut Creek drainage. From th is  
point the water is pumped to the South Spray Field fo r  spray
d is t r ib u t io n ,  in an attempt to dispose of i t  by évapotranspiration.
This is done using "ra inb ird " type sprinklers spaced every 24 feet along 
s ix  la te ra ls  o f pipe. These sprinklers don't f in e ly  d iv ide the water 
stream, and so the system acts merely to d is tr ib u te  the water
Miles
Figure 1
Location of the Rocky Flats Plant 
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(Source: Rockwell In ternational RCRA Compliance Department)
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over the surface. The rate o f application averages 650 gallons per 
minute (±100 gpm). While the d a ily  duration of spraying averages 6.5 
hours da ily ,  i t  can vary between 0 and 13 hours per day.
While the intended use o f the South Spray Field is  to d is tr ibu te  
the treated water in an attempt to return i t  to the hydrologie system by 
evaporation, the system is in e f f ic ie n t ,  and runo ff and in f i l t r a t io n  also 
occur.
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1.2 Scone and purpose
The purpose o f th is  investigation is  to determine where the water 
that is spray d is tr ibu ted  onto the South Spray Field actua lly  goes. This 
information is required fo r  use by Rockwell International personnel in 
the Environmental Management and RCRA (Resource Conservation and 
Recovery Act) Compliance departments, as part o f th e ir  on-going 
assessments of impacts of p lant operations on the ex is ting environment.
The water that is  spray d is tr ibu ted  onto the South Spray Field has 
never been investigated to determine the effectiveness o f evaporation, 
or the rates of in f i l t r a t i o n ,  in terflow  ( la te ra l seepage), and runoff.
These items make up part of the various constituents o f what is 
known as the "water-balance equation". This equation states that the 
hydrologie inflow, minus the outflow, is equal to the change in storage 
o f the given system. I f  the change in storage of a system is zero, then 
the in flow  and outflow can be set equal, and any missing terms of the 
equation can be solved fo r .
The scope o f th is  investigation is to quantify the terms of the 
water-balance equation to provide a better p ic ture  o f the hydrologie 
system of the South Spray Fie ld, and determine where the water actua lly  
goes once i t  is sprayed. The individual elements tha t are required to be 
quantif ied fo r  th is  balance are:
1) spray d is t r ib u t io n  rate ( in flow)
2) i n f i l t r a t i o n  rate (outflow)
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3) évapotranspiration rate (outflow)
4) in te rf low  ( la te ra l seepage) rate (outflow)
5) runo ff rate (outflow)
6) p rec ip ita t ion  rate (inflow)
These elements w i l l  be investigated, quantif ied, and presented 
on a monthly basis fo r  both 1988 and average years, to show how the 
water balance o f  the South Spray Field is affected seasonally.
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1.3 Sources of previous investigations
The e a r l ie s t  pertinent work was that of Mal de (1955). He 
describes the s u r f ic ia l  geology of the Lou isv il le  quadrangle, including 
a l l  major s u r f ic ia l  deposits, underlying deposits, s tructure, and 
indicated probable means of deposition and age fo r  each major deposit.
The princ ipa l work on the hydrology o f the area was carried out by 
Hurr (1976). I t  consists of a detailed study of the surface hydrology, 
and to a minor extent the groundwater o f the plant area. This work was 
done under contract to the U.S. DOE, in an e f fo r t  to determine how 
contaminants from the plant would move through the hydrologie system.
The work provides only an overview o f the hydrology o f the plant i t s e l f ,  
and did not address the outly ing buffer zone around the plant in d e ta i l .
Additional geologic and seismic investigations were carried out by 
Dames and Moore (1981) to determine seismic design c r i te r ia  fo r  the 
p lant. This work was more of a regional e f fo r t  than a localized one.
As part o f the on-going environmental assessment of the plant, 
Rockwell International has contracted the services o f a number of 
consulting and service companies including, R.F.Weston, Envirosphere 
Ebasco, Chen and Associates, and Hydrosearch, to d r i l l  and map the 
geology and hydrologie features in the plant and buffer zone. While 
most o f th is  work has been done as part o f the RCRA remedial action plan 
in the past several years, a number of discrepancies have been found by
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Rockwell International personnel, especially with work by one of the 
contractors. This has made some o f the data available of questionable 
value.
The fe a s ib i l i t y  o f spray d is tr ib u t io n  near the west side of the 
buffer zone of the plant has been investigated by S.S.Papadopulus and 
Associates (1987). However, th is  work investigated the fa r  western 
boundaries o f the plant bu ffe r zone, where the s u r f ic ia l  geology is 
s ig n if ic a n t ly  d if fe re n t from the s ite  o f investigation of th is  study.
A dd it iona lly ,  th is  study u t i l iz e d  erroneous hydraulic conductiv ity data 
interpreted by the afore mentioned contractor, which means the findings 
are o f questionable value also.
ER 3728 9
2.1 Geology
The Rocky Flats p la n ts ite  and the investigation s ite  are located 
w ith in  the fo o th i l ls  zone of the eastern slope o f the Colorado Front 
Range, which forms the eastern border o f the Colorado Rocky Mountains.
The Front Range is an eroded u p l i f t  s tructure with Precambrian 
metamorphic and igneous rocks exposed in i ts  core. At the boundaries, 
these rocks are overlain by groups of marine and non-marine Paleozoic 
and Mesozoic sedimentary rock. During the la te  Quaternary period, an 
environment of cyc lic  erosion and deposition created vast a l lu v ia l fans
and stream terraces. I t  is  on one of these a l lu v ia l  fans that the Rocky
Flats p lant, buffer zone, and the investigation s ite  are located.
The bedrock beneath the investigation s ite  has been id e n t if ie d  by
Hurr (1976) to be the Arapahoe formation of the upper Cretaceous period. 
This formation consists o f an interbedded sequence o f gray to brown fine  
to coarse-grained sandstones, s i l ts tones , and claystones. D r i l l  logs 
o f wells, completed by the R.F. Weston Company, from the investigation 
s i te  suggest that there are a number of channels of sand in the upper 
portion of th is  formation. These channels consist o f beds of sandy 
pebbles, with l i t t l e  or no cementation. Additional evidence of these 
beds can be seen in road cuts to the north and east of the 
investigation area. I t  is  believed by Rockwell International personnel 
presently investigating the subsurface geology, tha t these sand channels
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are the resu lt o f rapid erosion that was taking place along the eastern 
Front Range during the time of the Larimide mountain build ing, during 
the la te  Cretaceous age, about 65 m il l ion  years ago.
The alluvium overlaying the bedrock at the investigation s ite  has 
been id e n t if ie d  as the Rocky Flats alluvium of the Nebraskan age by 
Malde (1955) and others. This alluvium was la id  down in the form of an 
a l lu v ia l fan, with i ts  apex near the mouth o f Coal Creek Canyon, and 
varies in thickness between 40 and 50 feet at the investigation s ite .  
This alluvium has been characterized as a "very cobbly sandy loam" by 
Price and Amen (1981) showing a high degree of pedogenic development.
The weathering p ro f i le  of th is  alluvium at the s ite ,  is  marked by 
a massive accumulation o f calcium carbonate, known as a caliche facies. 
This facie is  mostly white and f irm ly  cemented throughout the 
investigation s ite ,  while i t  grades to a yellow brown f r ia b le ,  low-1ime 
content facies towards the mountains. I t  is overlain by a d is t in c t iv e  
red-brown soil comprised o f i l l i t e  clay, and a younger brown cobbley 
loam d ire c t ly  at the surface.
Three excavations were made as part of th is  investigation to 
determine the depth and la te ra l extent of the caliche. The location of 
these excavations are shown in Figure 3. Measurement in these p its ,  and 
in a trench dug fo r  a communications cable to the north o f the s ite ,  
indicate that the caliche facies begins between 18 and 24 inches below 
the present so il surface. The massive layer o f calcium carbonate
ER 3728 1 1
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extends downward 20-30 inches, with "s tringers" of caliche extending 
several feet below th is .  Malde (1955) a ttr ibu tes  the location of the 
caliche with respect to the mountain fron t from the increased resistance 
to groundwater flow due to a diminishing gradient and evaporation. 
Further, he believes that the "s tr ingers" found beneath the massive 
layer are due to the f i l l i n g  o f prismatic structure jo in t in g  in the 
older so i ls .  While Malde only ventured to date th is  caliche facie as 
Pre-Wisconsin, Shroba and Birkland (1978) have placed development of 
th is  facies in the Sangamon in te rg lac ia t ion  of the Pleistocene epoch 
about 150,000 years ago.
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2.2 Regional hydrology
The south spray f ie ld  is  located in the eastern buffer zone around 
the Rocky Flats plant, on an a l lu v ia l fan. The alluvium in th is  area 
ranges in thickness between 40 and 50 feet, and contains a water table 
which exists 30 to 40 feet below the surface.
Previous investiga to rs ' determinations o f the in f i l t r a t io n  rate of 
the alluvium are summarized in Table 1 below.
Table 1
Reported in f i l t r a t i o n  rates of the Rocky Flats Alluvium
Investigator Year
Branson, M il le r ,  1967 
and McQueen
Morel and and 1975
Morel and
Hurr 1976
Reported in f i l t r a t io n  rate 
3.9 to 7.35 inches per hour
.2 to 6.0 inches per hour
60 inches per hour
Comments
top 5 feet 
of soil
west side of 
plant
Hurr (1976) fu rthe r estimated the hydraulic conductiv ity of the 
alluvium to be about 35 ft /d a y , the e ffec tive  porosity at 0.10, and the 
pore ve loc ity  range between 7 and 18 ft/day. These were determined by 
observing water table responses in wells with respect to i r r ig a t io n  of a 
small p lo t of trees on the west side of plant.
The results  of the investigators re f le c t  regional variations in 
geology. The existing data is usefu l, but in s u f f ic ie n t  fo r  understanding
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the hydrologie system at the spray f ie ld  because a massive caliche bed 
was found to ex is t approximately two feet below the surface o f the whole 
investigation s i te .  This was discovered by several excavations done as 
part of th is  study.
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3.1 Approach
The investigation of the hydrologie system of the South Spray
Field was broken down into several parts.
1) f ie ld  and laboratory tests
2) analytical solutions using f ie ld  data
3) solution of investigation s ite  water balance 
equation
Field and laboratory testing were done to get a s ta rt ing  point on 
the magnitude o f hydrologie properties, and to get water table response 
observations tha t could be used in analytical solutions fo r  groundwater 
movement.
Analytica l solutions fo r  the various unknown constituents o f the 
water balance equation were undertaken in order to solve the water 
balance o f the s ite .
The water balance equation can be w ritten  as,
AS=Inflow - Outflow (eqn 1)
where AS= change in storage
This equation can be expanded to include a l l  the elements of inflow and 
outflow from the investigation s ite ;
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Inflow = Spray d is tr ib u t io n  + Precip ita tion (eqn 2)
Outflow = Evapotranspiration + In f i l t r a t io n
+ Surface runoff + In terflow  (la tera l seepage)
(eqn 3)
I f  the spray f ie ld  is  sprayed constantly and remains saturated, 
then equation 1 can be s im p lif ied  because AS =0. Then rewriting 
equation 1;
Spray d is tr ib u t io n  + Prec ip ita tion  = Evapotranspiration
+ I n f i l t r a t io n
+ Runoff (combined surface runoff 
and in te rf low )
(eqn 4)
Since the spray d is t r ib u t io n  and p rec ip ita t ion  are measured, and 
évapotranspiration and in f i l t r a t io n  are read ily  obtainable by analytical 
so lu tion, runoff can be determined by subtraction. The terms obtained by 
analytica l solution required f ie ld  tests to make th e ir  determination, 
which was undertaken in th is  investigation. In terflow  ( la te ra l seepage) 
and surface runoff were combined in a single runoff term because they 
could not be separated with the existing data.
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3.2 Field and laboratory investigations
In order to determine hydrologie properties of the s ite ,  a number of 
f ie ld  and laboratory measurements and tests were conducted. These 
include;
a) water-table monitoring
b) well slug tests
c) in -s i tu  percolation tests
d) dye tracer tests
e) permeability tests
a) Water table monitoring
Existing data on the e ffec t o f spray d is tr ib u t io n  o f water on the 
a l lu v ia l water table at the investigation s ite  is l im ited  to monthly 
water table level readings taken from environmental monitoring wells in 
the area. Water table elevations are made each month when water samples 
fo r  groundwater qua lity  are taken by the RCRA Compliance department. 
These readings are fa r  too infrequent to establish a re la tionsh ip  
between spray d is tr ib u t io n  and water table elevations. Because of th is ,  
a continuous real time monitoring program was set up.
Two types o f continuous real time data recorders were considered, 
e lectron ic  and mechanical. The e lectron ic type consisted o f a very 
sensitive pressure transducer and a portable data logger. This type of
ARTHUR LAKES LIBRARY
COLORADO SCHOOL oi MINES 
G OLD BN, COLORADO 80401
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instrumentation can be very accurate, to w ithin one-thousandth of a 
foo t. However, high cost and vu ln e rab il i ty  to stray e le c tr ica l current 
( l igh tn ing  s tr ikes  are frequent in the area) ruled out the use of th is  
type o f monitoring.
A mechanical instrument that u t i l iz e d  a f lo a t  and recording drum 
was f in a l ly  selected as the best approach. The instrument chosen was a 
Stevens model 52 water level recorder. This consists of a clock-driven 
pen, which marks a graduated chart on a drum. The drum rotates as the 
water table raises and lowers via the action o f a cable attached to a 
f lo a t  on one end, and the drum on the other. Figure 4 is a photograph of 
th is  instrument ins ta lled  on a well.
Even though the instrument set up was re la t iv e ly  simple, a number 
o f problems arose in gathering data. F irs t ,  f ie ld  fauna (mice, birds, 
e tc . ) seemed to love the open well tops, and t r ie d  to make nests in 
these dark openings. This resulted in several sets o f bad data, as well 
as numerous hours spent ba il ing  out wells to remove debris (grass, 
s t icks , feathers, dead birds, e tc . ) .  This was p a r t ia l ly  resolved by 
covering the wells with large p las t ic  bags, and securing the bags at the 
well bases. The second problem was the small 2" diameter of the wells. 
This size did not allow both the f lo a t  l ine  and the counterweight l ine  
that hung over the pulley to f i t  inside the well pipe. This meant that 
the counterweight had to be hung outside the well exposed to the 
elements. Further, i f  the water table rose more than the height of the 
casing above the ground, the counterweight would h i t  the ground and the
ER 3728 19
Figure 4
Photograph of  Stevens water tab le  l e v e l  recorder
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recorder would not indicate the change in elevation that had taken 
place. This was resolved by checking the wells more frequently, which 
turned out to be d i f f i c u l t  due to other job re sp o n s ib i l i t ie s .
I n i t i a l l y ,  a number of wells were monitored to see i f  there were 
any general trends in water table f luctuations and fo r  la te r  use in 
determining the rates o f in f i l t r a t io n .  This was done fo r  both wells 
d r i l le d  and screened in the bedrock and alluvium as there are known to 
be separate water tables associated with each of the structures. The 
wells monitored in te rm it te n t ly  between May and December 1988 are l is te d  
in Table 2. The locations of these wells are shown in Figure 5.
Table 2
Wells monitored during Investigation
Well no. Type Deoth* Screened deoth* Geoloav of screen oortion
31-87 bedrock 129.6 110.7-129.6 Arapahoe formation
32-87 a llu v ia l 46.8 36.0-46.8 Rocky Flats Alluvium
33-87 a llu v ia l 7.3 3.0-7.3 Rocky Flats Alluvium
34-87 bedrock 56.2 44.2-56.2 Arapahoe formation
40-86 bedrock 111.5 88.0-111.5 Arapahoe formation
41-86 a llu v ia l 44.8 3.9-44.7 Rocky Flats Alluvium
42-86 a llu v ia l 35.0 6.1-29.7 Rocky Flats Alluvium
7-74 a l lu v ia l 50.1 (unknown) Rocky Flats Alluvium
8-74 a llu v ia l 39.8 (unknown) Rocky Flats Alluvium
* a l l  depths in feet
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Data co llec t ion  fo r  several periods between these dates was good. 
However, attempts to analyze the re la tionship between water table 
elevations and spray d is t r ib u t io n  rates early in th is  period fa iled . Two 
reasons fo r  th is  fa i lu re  were investigated and resolved. F irs t ,  the true 
water table location in the bedrock wells was in question, because water 
table elevations varied greatly  between wells over short distances. 
Subsequent review o f construction diagrams fo r  these bedrock 
wells revealed that they were screened only in in te rva ls  where they 
intercepted large sand channels w ith in  the Arapahoe formation. These 
sand channels are of a higher hydraulic conductiv ity than the 
surrounding sandstones o f the Arapahoe formation, and were intercepted 
at various depths in d if fe re n t  wells. The higher hydraulic conductivity 
meant tha t water table elevations observed might not be representative 
o f the true water table in the surrounding rock o f the Arapahoe 
formation i f  the sand channels were hydrau lica lly  connected to another 
water source up gradient. Data taken in several of these wells had shown 
several very rapid increases in water table elevation over short periods 
of time tha t would not be explained, nor expected, by a well screened in 
an average sandstone formation. Rockwell International personnel 
investigating these sand channels theorize that these observations may 
be the re su lt  o f the sand channels sub-cropping in to  the alluvium at a 
point almost 1/4 mile up gradient where rapid saturation from surface 
hydrologie events may occur. Since additional bedrock wells could not be
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d r i l le d ,  monitoring of the bedrock wells was stopped at th is  point and 
the investigation revised to only consider the in f i l t r a t i o n  to the 
alluvium water table. Investigation into i n f i l t r a t i o n  of a l lu v ia l water 
to the Arapahoe formation was at th is  point continued by other plant 
personnel by means o f geophysical methods deemed more accurate.
Another reason fo r  fa i lu re  to obtain useable data, was the lack of 
an adequate set of water table elevation data unaffected by spray 
d is t r ib u t io n .  This was remedied by conducting a tes t with a period of 
no spray d is tr ib u t io n  immediately before i t .  This type of tes t was done 
from October through mid-November of 1988. The in i t i a l  response to the 
s ta r t  of spray d is tr ib u t io n  could be correlated with water table 
elevation increases. However, a fte r several weeks a corre la tion between 
spray d is tr ib u t io n  rate and water table elevation could no longer be 
accomplished. This was caused by the schedule o f sporadic spray 
d is t r ib u t io n  that had taken place at th is  time.
A fte r the test was run in early October through mid-November 1988, 
wells 32-87 and 7-74 were monitored throughout the winter u n t i l  la te  
February 1989. A p lo t o f water table elevation in these wells shows a 
rapid decrease in elevation in mid-December (Appendix A). This was due 
to the freezing of the so il on the surface, which prevented in f i l t r a t io n  
o f the spray d is tr ibu ted  water.
In la te  February 1989, the inadvertent release of chromic acid to 
the sanitary sewer treatment plant, and then to the South Spray Field,
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mandated that p lant personnel shut down spray d is tr ib u t io n  fo r  several 
weeks from la te  March through early A p r i l .  This was seen as a good 
opportunity to obtain a set o f control data o f water table elevations 
fo r  a subsequent te s t.  When plant personnel resumed spray d is tr ib u t io n  
on April 11, 1989, wells 32-87 and 7-74 were being monitored. Response 
of the water tables in these two wells to the s ta r t  o f, and subsequent 
weeks of spray d is tr ib u t io n  are p lotted in Figure 6. The spray 
d is tr ib u t io n  rate with respect to time is shown in Figure 7, and the 
combined change in water table elevations and spray d is tr ib u t io n  rate 
with time in Figure 8.
b) Slug tests
A number o f slug tests have been conducted on wells in the south 
spray f ie ld  by the R.F.Weston company in 1987. I n i t ia l  data obtained was 
analyzed fo r  well 32-87 and 7-74, but the hydraulic conductiv it ies 
calculated did not appear to be accurate when compared to figures 
obtained by other types of tes ts . The raw data were then analyzed by
another equation, but the results o f the calculations yielded hydraulic
conductiv ity figures of 1.2 and .0014 ft /d a y . These values also appeared 
unreasonable because the two wells were very close together. Therefore, 
hydraulic conductiv ity  determined from slug tests was not used in th is































































































































c) In -s i tu  percolation tests
During the course of th is  investigation i t  was discovered that a 
massive caliche bed existed in the alluvium w ith in  two feet o f the 
surface. While patchy beds o f caliche were i n i t i a l l y  id e n t if ie d  by the 
contractor logging the d r i l l  core o f wells in the area, i t  has been 
found by Rockwell International personnel that several logs fa iled  to 
indicate the massive calcareous nature of the rock in the core. 
Subsequent excavations proved the existence o f the caliche as a massive 
bed over the whole investigation s ite .
Several in -s i tu  percolation tests were conducted in the 
excavations in the f a l l  o f 1988 to estimate the hydraulic conductivity 
o f th is  bed, and the alluvium beneath i t .
This testing was done by cementing a 16" diameter cylinder to the 
so il or caliche, and measuring the amount of water used to maintain a 
given depth of head w ith in  the ring over time. While th is  is s im ila r to 
a single ring penetrometer te s t,  the tests were not conducted to any 
standard. From th is  an average vertica l hydraulic conductiv ity could be 
estimated. The set up fo r  th is  type of test is shown in Figure 9. The 
so il beneath the ring was i n i t i a l l y  saturated, to simulate actual spray 
d is t r ib u t io n  conditions. Results of the tests indicate that the vertica l 
hydraulic conductiv ity of the caliche is about 2 f t /d a y , while that o f 
the alluvium below is about 17.7 ft /day.
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G R A D U A T E D  T Æ N K
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f igure  9
In -s itu  in f i l t r a t io n  tes t scheme
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d) dve tracer tests
A series of tests were conducted using a Rhodamine B fluorescent red 
tracer dye, to t r y  to establish runoff and in te rf low  ( la te ra l seepage) 
rates and d irec tion . Holes were dug in a r ing , 45 degrees
apart (at the eight major points of the compass), with a center hole dug
to place dye in . A ll the holes were dug down to the top of the caliche,
about 18-24 inches deep. I t  was assumed that the in te rf low  (in  th is
case horizontal seepage above the caliche) would carry the dye from the 
center hole outward, revealing d irection of flow and providing data to 
determine the horizontal hydraulic conductiv ity of the surface s o i l .
The tests fa iled  to provide enough data to determine hydraulic 
conductiv ity , but flow d irec tion  was determined by excavating and 
observing the so il around the center hole. D irection o f flow followed 
the trend o f the surface topography, supporting the idea that the 
caliche sloped and followed the contour of the ground. The hydraulic 
conductiv ity  could not be determined because the la te ra l movement of the 
dyed water could not be observed. This was p a r t ia l ly  due to the r is ing  
and fa l l in g  level of water in the holes because of the rate of the spray 
d is t r ib u t io n  taking place at th is  time, and because of the in f i l t r a t io n  




Although samples o f alluvium material were too f r ia b le  in nature 
to be obtained fo r  laboratory analysis, a sample o f the caliche deposit 
was obtained and run in a t r ia x ia l  tes t ce ll according to the method 
described by Olsen, et a l (1985). The calculated hydraulic conductiv ity 
o f the sample was found to be in the range of 0.0002 ft/day. This 
compares with an in -s i tu  tes t calculated value of 2.0 f t /day . The 
difference in magnitude can be a ttr ibu ted to fractur ing  of the caliche 
bed. This frac tu r ing  is most l ik e ly  due to f ro s t  action in the spray 
f ie ld  s ite ,  since there has been a near constant source of moisture from 
spray d is tr ib u t io n  fo r  many years. This frac tu r ing  can be confirmed by 
the observation of soil f i l l e d  cracks in the massive caliche beds 


















The évapotranspiration is the combined e ffec t of surface 
evaporation and transp ira tion  from plants. I t  can be determined by 
several methods. These include d irec t measurements, empirical formulae, 
water budgets, mass transfers, and energy budget methods.
D irect measurement o f evaporation from pans is used by the 
National Weather Service, but few stations are maintained because o f the 
trouble to maintain equipment. The use of th is  type of data was not 
considered because a value o f évapotranspiration was required, local 
data was not available, and the in s ta l la t io n  of an evaporation pan at 
the investigation s ite  could not be supported f in a n c ia l ly .
Empirical formulae, water budget, and mass transfe r methods were 
a l l  re jected, the empirical formulae fo r  being too general, the water 
budget and mass transfer methods because of the lack of a b i l i t y  to 
gather the data necessary to solve them.
The best choice fo r  determining évapotranspiration was determined 
to be the energy budget method. This method uses the amount o f energy 
available in the environment to determine évapotranspiration. Of the 
various energy methods available, the Penman equation was chosen. I t  is 
more s ite  spec if ic  than others, and i t  is used by the National Weather 
Service fo r  determining évapotranspiration in areas where
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evaporation pans are not maintained.
The Penman (1948) equation estimates the potential 
évapotranspiration by considering the available energy in the 
environment at the s ite .  Input data required are solar rad ia tion , wind 
speed, mean a ir  temperature, re la t ive  humidity (R.H.), percent of the 
maximum sunshine available, and reflectance (albedo). The Penman 
equation is then w ritten  as:
ET = (AH+.27E)/(A+.27) (eqn 5 )
where E = 0.35(ea-ed)(1+.0098 w2)
H = R ( l - r ) (0.18+0.55S)-B(0.56-0.092(ed)0-5)(.1+.9S) 
and A = slope o f saturated-vapor-pressure curve at 
Ta,(mm Hg/°F)
B = co e ff ic ie n t equal to *Ta\  where a is the Boltzmann 
constant o f 2.01 X 10"9 mm/day 
ea = saturation vapor pressure at Ta (mm Hg) 
ed = saturation vapor pressure at mean dew point (mm Hg)
ET = da ily  évapotranspiration (mm/day) 
r  = reflectance (sometimes called albedo)
R = monthly mean radiation converted to mm H20 
evaporated/day
S = ra t io  of actual sunshine to maximum sunshine possible
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Ta = monthly mean dry bulb temp (°F)
w2 = mean wind ve loc ity  at 2 meter height (m iles/ day)
For th is  investigation a l l  input data were taken from Rocky Flats 
weather data, with the exception o f the percent of maximum sunshine, 
which was taken from values fo r  Denver reported by the Department of 
Commerce (1979). Evapotranspiration determinations were done fo r  1988, 
and a 24 year average. These are presented in Tables 3 and 4.
The 1988 évapotranspiration was calculated to be 50.46", while the 
24 year average évapotranspiration was calculated to be 39.19". While 
th is  la t te r  value compared very closely to the value arrived at by 
Farnsworth, et al (1982) in Figure 11, i t  was almost twice the value of 
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Evapotranspiration map o f Colorado 
(Source: Farnsworth, et al (1962))
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b) Analytical solution of recharge to the water table
The growth and decay o f groundwater mounds beneath i r r ig a t io n  
f ie ld s  has been studied extensively by Hantush (1967). Hantush applied 
classical heat transfer equations to the effects o f uniform in f i l t r a t io n  
on water table elevation in a homogenous aquifer.
Equation 5 from Hantush refers to a rectangular recharge area as 
shown in Figures 12 and 13.
If-h ,:  = (w/2K)(vt)(ZSn*(o ,8 )) (eqn 6)
where, h= height of water table at time ( t )  in feet 
h.= height of water table before percolation 
begins
w= rate of recharge to water table in ft/day 
K= average hydraulic conductivity of aquifer in 
ft/day 
t= time in days 
v= Kb/e
where, b as a constant of l inear iza tion  such that 
b= .5(h+h.) 




Coordinate system fo r  applying the 
Hantush equation to determine in f i l t r a t i o n
infiltration






Elevation o f groundwater mound below recharge area
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£Sn*= the sum of four S functions that re la te  the point
of measurement to the center of the recharge area
where, Sn*(a,6)=Jerf(a/ r) e r f (8/ r) dr
and, r is  the variable of integration.
Rewriting equation 5 and expanding the summation of the S* functions,
W -  (h2-h,2) (2 k ) / ( v t ) {S*!(1+x)/(4vt)-5 , (a+y)/(4v t) '5]
+S,[(l+x)/(4vt)-? , (a-y)/(4vt)-= ]
+ S . [ ( l - x ) / (4 v t )^  , (a+y)/(4vt)-M
+S [ ( l - x ) / ( 4 v t )  , (a -y ) /(4v t)  ] }  (eqn 7)
where, 1,a,x, and y are a l l  coordinate parameters of the
location o f the point of measurement.
Hantush(1967) provides a table of calculated values fo r S*(<z,6) 
as well as the relationships fo r values not tabulated. These 
re la tionships, fo r  determining S*(<z,l3) not l is te d  in the table are,
- a , 6 ) =  S ( a , - B ) =  -S ( a , 8 )  
- a , - 8 ) =  S ( a , 8)  
a , 8 ) =  S* ( B , a )
0 , 8 ) =  S * ( a , 0 )  =0 
a,8)« l - 4 e r f (8) 
a,6)s l-4erf(<z)
i f  a>3 
i f  8>3
a , 8)= 1 , i f  e>3 and B>3
This method gives a quick way to determine percolation rate into 
the aquifer i f  hydraulic conductivity, specific y ie ld ,  and water table 
r ise  in response to spray d is tr ib u t io n  are known or can be estimated.
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Data collected in the f ie ld ,  and from well 32-87 during a spray 
d is t r ib u t io n  tes t was used to solve equation 7. This well was used 
because i t  was the only well that was in the spray d is tr ib u t io n  f ie ld .  A 
construction diagram of well 32-87 is shown in Figure 14. Water table 
differences were measured in the f ie ld ,  and average hydraulic 
conductiv ity  was calculated from the results o f the in -s i tu  percolation 
tests using an equation described by Iwata (1987). The average hydraulic 
conductiv ity  in a layered so il can be w ritten as;
Kave = y / [ ( L / K J  + ( y - L J / i y  (eqn 8)
where, Kave = average hydraulic conductiv ity ( ft /day )
y = distance from surface to water table ( f t )
L1 = thickness of caliche layer ( f t )
K1 = hydraulic conductiv ity o f caliche (ft/day)
K2 = hydraulic conductiv ity of the alluvium (ft/day)
Solving fo r  the average hydraulic conductiv ity using hydraulic 
conductiv it ies  of 2 and 17.7 f t /day  determined from in -s i tu  percolation 
tes ts , and 5 and 34 f t  fo r  the thicknesses o f caliche and alluvium 
respective ly, with a surface to the water table o f distance of 39 f t ,  an 
average hydraulic conductiv ity of 8.8 ft /day  was calculated. This high 
value can be accounted fo r  by prismatic soil
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figure 14 
Construction diagram of well 32-87
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structure noted by Mal de (1955), and the p a r t ia l ly  f i l l e d  cracks in the 
caliche that were seen in the excavation p its .
Various coordinate values fo r  determining the S* function terms 
fo r  well 32-87 are shown in Figure 15.
The rate o f in f i l t r a t io n  has been calculated and tabulated in 
Table 5, and shown in Figure 16. I n i t i a l l y ,  calculated in f i l t r a t i o n  to 
the water table is  low, but increases with time. This increase in the 
calculated in f i l t r a t i o n  to the water table is caused by the saturation 
of the alluvium with time, increase in the e ffec tive  hydraulic 
conductiv ity, and the f i l l i n g  o f voids in the alluvium with water.
The calculated rate o f 0.046 ft /day , when the system appears to 
reach a maximum percentage of saturation, can be compared to the average 
rate of spray d is t r ib u t io n  o f 0.126 f t /day . This indicates that 
approximately 35% of the water ir r ig a te d  on the surface percolates into 
the a l lu v ia l water table.
The calculated in f i l t r a t io n  rate versus time is shown in Figure 
16. Note that the calculated rate of in f i l t r a t io n  appears to s ta b il ize  
a fte r  40 days o f spray d is t r ib u t io n .  This shows that up u n t i l  th is  point 
a portion of water that is  in f i l t r a t in g  from the surface is  s t i l l  
f i l l i n g  the voids in the alluvium. A calculation of the water needed to 
completely f i l l  a l l  the void spaces in the alluvium between the surface 
and water table at well 32-87, shows that approximately 3.9 feet of 
in f i l t r a te d  water would be needed. With an average spray d is tr ib u t io n  
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s ta b i l iz a t io n  of the in f i l t r a t io n  rate a fte r 40 days could be 
explained then, since a portion of the in f i l t r a te d  water goes to 
f i l l i n g  pores while the alluvium is less than f u l l y  saturated.
Another phenomenon noted was, that a fte r the rate o f 
calculated in f i l t r a t io n  appeared to s ta b il ize , any reduction of 
average spray d is tr ib u t io n  rate below .046 ft /day  would cause the 
water table elevation to drop. However, i f  the spray d is tr ib u t io n  
was above .046 ft /d a y , then the calculated in f i l t r a t io n  rate of 
.046 ft /day  would continue and cause the water table elevation 
to r ise .
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3.4 Interpretations
The f ie ld  investigations conducted, and analytical solutions fo r  
the various constituents of the water balance equation, when shown 
graph ica lly , reveal the basic nature of the south spray f ie ld  hydrology. 
Graphs of the rates of inflows and outflows from the South Spray Field 
were completed fo r  1988 on a monthly and weekly basis and shown in 
Figures 17 and 18 respectively. A 24 year average monthly basis p lo t is 
shown in Figure 19. These figures show the re la t iv e  magnitude of the 
flows throughout the year. Note that in f i l t r a t i o n  to the alluvium only 
occurs during the warm months, while the ground is  thawed, accounting 
fo r  about 35% of the water sprayed on the f ie ld .  During the rest o f the 
year the majority of the outflow from the f ie ld  goes to runoff.
Figures 20 and 21 are the monthly balance of flows (as determined 
by equation 4) fo r  1988 and 24 year averages. Note that inflows equal 
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This investigation has revealed a number o f facts about the south 
spray f ie ld  that were previously unknown. F irs t, was the discovery that 
a continuous bed o f caliche ran beneath the investiga tion  area, and how 
th is  laye r affected in f i l t r a t io n .  In the spray f ie ld  where d is tr ib u tio n  
has been continuous fo r  many years, th is  otherwise impermeable layer has 
been fractured by fro s t action and has become more permeable. In areas 
a jo in ing  the investigation s ite ,  where there has been no d is tr ib u tio n  and 
fra c tu rin g  has not occured, the caliche acts as a cap rock channeling 
surface water la te ra lly  o f f  to  the edges o f the a llu v ia l plateau.
Second, tests and analysis show that there is  a s ig n if ic a n t amount 
o f recharge to the a llu v ia l aqu ife r, and tha t th is  recharge g rea tly  
influences water table elevations during certa in times o f the year.
Third, the évapotranspiration rate was found to  be about 39 inches 
per year, which g rea tly  d iffe re d  from Rockwell In te rna tiona l 
Environmental Management personnel's estimates o f 15-24 inches per year.
The fin a l find ing  was th a t the rate at which the spray 
d is tr ib u t io n  is applied a ffe c ts  the in f i l t r a t io n  and ru n o ff rates. I f  
spray d is tr ib u tio n  rate drops below the amount needed to  maintain 
satura tion  o f the s o il,  the in f i l t r a t io n  rate drops. However, as the 
spray d is tr ib u tio n  is  increased above th is  rate required to  maintain 
sa tu ra tion , in f i l t r a t io n  remains the same, while ru n o ff increases.
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4.2 Recommendations
The facts revealed by th is  investigation could have a s ig n if ic a n t 
impact on the way sanitary treatment plant e fflu e n t water at the Rocky 
Flats Plant is  disposed o f.
I f  the fu ture  in te n t o f e lim ination is  to  prevent any release of 
water o f f  p la n ts ite , by e ithe r runoff or in f i l t r a t io n ,  i t  might be best 
to take advantage o f the high évapotranspiration rate o f 39 inches per 
year o f po tentia l évapotranspiration. This would require impermeable 
evaporation ponds be constructed to handle the present e fflu e n t load o f 
250,000 gallons per day.
I f ,  however, the fu ture  in ten t is  to dispose o f th is  water (a fte r  
q u a lity  has been assured) by in f i l t r a t io n  to the a llu v ia l aqu ifer, a 
d if fe re n t approach can be taken. I f  no other su itab le  s ite  could be 
found in the p lant bu ffe r zone, the present s ite  could be expanded with 
a few m odifications. These include, increasing the size o f the present 
f ie ld s , mechanical or chemical frac tu ring  o f the caliche caprock to 
allow in f i l t r a t io n ,  and the in s ta lla t io n  o f holding ponds to store 
e fflu e n t during colder months when in f i l t r a t io n  could not be achieved 
due to frozen ground.
Any decisions on the fu ture e lim ination o f e fflu e n t water from the 
san ita ry sewer treatment p lant must, o f course, be made in accordance 
with State and Federal agency le g is la tio n  and approvals. A d d itio n a lly , 
s u ita b i l i ty  o f any fu tu re  deposition s ites must be v e r if ie d  by
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL of MINES 
GOLDBN, COLORADO 80401
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Selected water table data
1) Water table elevations in wells 32-87 
f a l l  88 thru  spring 89
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Appendix B
Selected well construction diagrams and d r i l l  logs
1) construction diagram fo r well 32-87
2) construction diagram fo r well 7-74
3) d r i l l  log fo r  well 32-87
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W E L L
C O M P L E T IO N
IN F O R M A T IO N
L o c a t io n  Rockv F la g s  P la n t :  E ast T renches A rea W e l l  N o .  32-87
C o o r d i n a t e »  . N  I F S l l . i n  v . E l e v a t i o n :  G ro u n d  S u r f a c e  5 9 4 6 . 1 2 '
T o t a l  D e p t h :  w .n  46.83* _  T o p  o f  C a e ln p  5 9 4 P . n i '
B o r e h o l e  5 1 . 7 0 '
F o r m a t io n  o f  C o m p l e t i o n  Rockv F la t s  A lluvium
C a a in «  M a t e r i a l  Sch 5 . evoe 316 TFJ s t a i n l e s s  ^ C a a l n p  D i a m e t e r  7" TT>
S c r e e n  M a t e r l a l Q . m n "  trr-an. rvoe 316 TFJ S u r f a c e  C a a l n p  O la m e Lax____5Ü. ID
T i l  û e c  e ^ a e l  V 1 I  (
"s ite  Ma
trr-an. rvoe 316 FJ S u r f a c e  C a l n p  O la m e t a r  " 
D a te  m eta l led  Seoc. 71. 1 0 B7 s e a m le s s  s t e e l  Appreved By v QL
............. t t -  -  c itM  u -  —a.- .I n e t a l l e d  By J .L .  Bannon
G e o l o f l l e t
C o m m e n te
Q— 
e a r
G round S u r fa c e7 7 / / / / ;  / /
S u r f a c e  S e a l
P o r t ï* n 2 r !lîype Icê erir
2 .7 2 '
T o p  o f  C a a l n p  1 .91
S u r f a c e  C a e ln #  
D e p t h  ( f t
S u r f a c e  
S e a l




B e n t e a l t e  
S e a l
L a n p t h  ( f t . )
F i l t e r  M a t e r i a l
3 2 - 4 2  S i H r a
: 1 6 . 01»
W e l l  T o t a l  
D e p t h  ( f t . )4 6 .S 3
F i l t e r  P a c k  
L e n p t h  ( f t . )11.65
51.7010.55
a e fc f i i l  
L e n p t h  ( f t .4 .5 5
32 .3 0
« oCM
S e r e h e l e  
T o t a l  D e p t h
( f t . )
B a c k f i l l  1 /8 ” V o i r  l a v  B n n g o n l t e  P e l le t s
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WELL SUMMARY
EAST TBENCtifeS AKeA 
Well Name! — 7 —
Elev. of Ground: 'o Elev. of Top of Casino:
Coordinates: h 4 s % so-t n
Date of Construction: Constructed By:
Available Information
Geologic Log: Geophysical Loo:
Construction Details: Permeability Test:
Water Level Data: i / / Water Quality Data:
*fS - V 7 Z / y : / 7  3 / J 7 / r z -
Condition of Surface
Internal Casing
Material: ep" L f*  •y 64^
Internal Diameter:
Outside Diameter: ^
Total Depth: 5™0« f 5 " /
Stick-Up:
Condition: frœ r t n* A t**
Protective Casing





Locked: As L ta  y
Condition: ^  A a 'IT * ' O iA T V/




B O R E H O L E
L o c a t io n  Kockv  F la c s  P l a n t :  Ease T re n c h e s  A rea ■ e r e h o le /W e l l  No. 32-87
C e o rd ln e ie *  
T o ta l  D epth
-W 3 6 5 1 3 .7 0  
5 1 .7 0 '
E 25256 .21
Drilling C om peny _ B o v la s _ ^ ro a _ _ _ _ _  
D a ta  D rilled _ S e pce!nber 2 1 -7 4 . 1987L
D ri l l ing  M ethod H o llo w  Stem Auger 
L o g g e d  By J . L . Bannon__________
G eo ieg la t
C o m m e n ta
Ground S ur fac e  Elewetlea  
W a t e r  Le v e l  C ncouuterad
5 9 6 6 .1 2 '
-iz. m'
D r i l l e r  R.
S ta t ic  5906.68» n ? /m / R 7 'i  
Sharp_________________
H e lp e r  T. M e rr iC t:  K. P a rk e r  
D r i l l in g  Fluid None 
Ci vÀ'vl
L ith o lo g ie  O e e e r lp t l e n
'S am plea  C o l l e c te d  or  
O th er  Tenta  P e r fo r m e d
10
15
t o p s o i l
0.0.2-0» SAMPLE.
Recovered U  7/2.0* ■ 78%.
0.0-0.42*: TOPSOIL: pale yellowish brown 
(10 Y R  6 /2 ) clay with grass and roots.
p n o r v  FLATS A LLUVIU M
0.42-1.57*: SAND: dark yellowish orange 
(10 Y R  6 /6 ) very fine-grained clayey 
sand; moderately consolidated; slight HC I 
reaction; dry.
2.0-4 O' SAMPLE.
Recovered 1.3/2.0* *  65%.
10-3.15*: C LA Y: grayish brown (5 Y R  
3 /2) organic-rich clay; unconsolidated; 
very dry.
3.15-3.3*: SAN D A N D  G R A V E L : dark  
yellowish orange (10 Y R  6 /6 ) fin e - 
grained* moderately sorted caliche sand 
w ith  subangular to subrounded quartzite  
pebbles; moderately consolidated; strong 
HC I reaction; very dry.
4.0-4,O' SAMPLE.
Recovered 1.7/24* » 85%.
4.0-5.1*: SAND A N D  SILT: dark  yellowish 
orange (10 Y R  6/6) very fine-grained, 
very well sorted sand and silt; unconsoli­
dated; powdery; strong H C I reaction; dry.
H N u Background-0.2 
O V A  Background-0.0 
No Ludlum readings 
taken.




A t well head: O V A  
- 1-0.
No readings over 
background at core.
4.0-6.0*: Readings on 
core H N u -  0.2;
O V A  « 0.0.
6LQ2 Reading at well 
head: O VA  -  1.2.




6.0-g-0*! Readings on 
core H N u -  0.2;
O V A  -  04.
1 2 £  Readings at 
well head: H N u « 
200; O VA  -  100.0. 
Readings on cuttings: 






B O R E H O L E
Kockv  F l a t s  P l a n t :  Easr T r e n c h es  Area
C e e r d l n e i e e  M 36511 .70  E 25256 .21
T o ta l  Oopth 5 1 . 7 0 '___________________
Drill ing C om pany _ B o v l e s _ B r o s _ _ _ _  
O a f  O r m .d  .S e p te m b e r  21-24 . 1987 
D ri l l ing  M ethod  
L o g g ed  By J .
H ollow  Stem Auger
L . Bannon
Geologist
B o r e h o le /W e l l  Me. 3 2 - 8 7  
G round Surface E le v a t io n  5 9 6 6 .1 2 *  
W o t a r  Le ve l  E n co u n te re d
S ta t ic  5906 .68*  f 1 2 /0 1 /8 7 ) 
D r i l le r  R. Sharp
H e lp e r  T. M e r r i t t :  K. P a r k e r_____________
D ri l l in g  Fluid  
C h e c k e d  B y _
<S22£.— i—
B ite  M a n o g e r  
CEARF M a n a g e r
C om m enta
20
W J S /M Lit
B am ploo C o l le c te d  or 




5.1-5.r: SA N D  A N D  G R A V E L : dark yel­
lowish orange (10 Y R  6 /6 ) w ith  very pale 
orange (10 Y R  S/2) caliche rind; very 
fine-grained, w ell sorted sand w ith  minor 
caliche-coated quartzite pebbles; uncon­
solidated; very strong H C I reaction; dry.
6.0-*,O' SAMP.UL 
Recovered 1.4/2.0* -  70%.
SAND A N D  G R A V E L : pale yellowish 
brown (10 Y R  6 /2 ) to dark  yellowish or­
ange (10 Y R  6 /6 )  w ith  very pale orange 
(10 YR 8 /2 ) caliche; poorly sorted sand 
and gravel; consolidated; very strong HCI 
reaction; dry to damp.
8 0-9 0' SAMPLE.
Recovered 1.18/1.0* ■ 118%.
SAND A N D  G R A V E L : d ark  yellowish 
orange (10 Y R  6 /6 )  m atrix  w ith  very pale 
orange (10 Y R  8 /2 ) caliche; poorly sorted, 
very fine  to fine-grained clayey sand 
with abundant quartzite pebbles; very 
strong HC I reaction.
9.0-10.5* SAM PLE.
Recovered 1.5/1.5* -  100%.
SAND A N D  G R A V E L : moderate orange 
pink (J Y R  8 /4 ); very f in e  to fine­
grained; moderately sorted; clayey sand 
with some quartzite pebbles; heavy 
caliche; moderately consolidated; dry.
14.0*: No readings 
over background on 
cuttings.
17.2*: Reading on 
cutting: O V A  -  
1-5(0.0).
33.2*: No readings 
over background on 






B O R E H O L E
L o c a t io n  Kockv F l a t s  P l a n t :  Ea«r T ren c h e s  A rea 
Ç o o rd in e te e  N 3651 3 .7 0  E 25256 .21  
T o t a l  Dep th  51.70*
Dri l l ing Company B o v les  Bros ___
D a te  Dri l led  .S e p te m b e r  2 1 -76 . 1 9 8 Z _
D ri l l ing  Method H ollow  Stem Auger
L o g g e d  By J . L .  Bannon______________
Gootoglat
B o r e h o le / W a l l  N o .  -3 2 -8 7  
G ro u n d  S u r fa c e  E le v a t io n  5966.12* 
W a t e r  L e v e l  E n c o u n te r e d  17 i n '
S t a t i c  5 9 0 6 .6 8 ' (1 2 /0 1 /8 7  
D r i l l e r  R. S h a rp
T . M e r r i t t î R. P a rk e r___________
r::::r
Site  M a n ag er  
CEARF M anager
C o m m e n ta
60
Lit
rSam plee  C o l le c te d  or  
'O th e r  T e a ts  P er fo rm e d
1L
IP.Ml.r SAMPLE* __
Recovered U 3 /1 .0 *  ■ 133%.
, SAND A N D  G R A V E L : U fh t brown (5 Y R  
5/6 ) fine to medium-grained; moderately 
sorted clayey sand w ith  abundant small 
quartzite pebbles; consolidated; moderate 
HC I reaction; dry to damp.
11.M  2,r  SAMPLE.
Recovered 1.2/1.0* ■ 120%.
11.5-1225': SAND: light brown (5 Y R
5/6); fine to medium-grained; w ell sorted; 
minor clay and rare small pebbles; uncon­
solidated; no H C I reaction; damp. 
1225-12.7’: SA N D  A N D  G R A V E L : light
brown (5 Y R  5/6); poorly sorted;
quartzite pebbles; moderately consoli­
dated; very weak H C I reaction.
12 -5 -1 4 .0 * SAM PLE.
Recovered 1.15/1.5* ■ 77%.
, SAND A N D  G R A V E L : moderate reddish 
brown (10 R  4 /6 ); poorly sorted clayey 
. sand; dry to damp; moderately consoli­
dated; very weak H C I reaction.
' 14.0-16.0* SAM PLE.
» Recovered 1.41/2X)* ■ 71%.
SAND A N D  G R A V E L : moderate reddish 
' orange (10 R  6 /6 ); poorly sorted; fine  to 
coarse-grained clayey sand w ith  abundant 
" caliche-coated quartzite pebbles; top -55* 
unconsolidated; well consolidated down 






B O R E H O L E
L o c a tio n  Kockv F la c s  P l a n r ;  Easr T re n c h e s  Area ■ o f o h e l e / W e l l  H e .  32-87
C o o r d in c ie e  
T o t a l  D ep th
-S 3 6 5 1 3 .7 0  
51 .70»
E 25256 .21
D ilu tee  Company B o v le s  B ros 
D a ta  Dri l led  S ep tem b er 2 1 -2 4 . 1982. 
Dri l l ing Method H o llo w  Stem  Auger
J . L . Bannon____________
O e e lo g te t
O ro o e d  S u r fa c e  E leva tio n  ^ 9 6 6 j^ 2 J _  
W a t e r  L e v e l  geeoom torod 17 in '
D r i l l e r  R.
S t a t i c  5906.68» (17/01/871 
S h arp
H e lp e r  T. M e r r i t t :  K. P a rk e r
O r l l l l e e  F ie ld  Hon*
C o m m e n ta
v t m
Lit
Sam plaa  C e l l e c t e d  or
'O th e r  T e a l#  F e r f e r m e d
16.0-16.5» S A M P L E .
Recovered 1Æ 7/0J» ■ 214%.
SA N D  A N D  G R A V E L : moderate reddish
orange (10 R  6 /6 );  poorly sorted clayey
. sand w ith  abundant angular to subangu­
lar quartzites; unconsolidated; no H Q  re-
- action; damp.
• 16.5-17.2» S A M P LE . No recovery. D rilled
w ith  center b it.
17.2-19.0» S A M P LE .
* Recovered 1.7/1.8* •  94%.
SA N D  A N D  G R A V E L : moderate reddish
' orange (10 R  6 /6 ); poorly sorted; very
fine  to fine-grained clayey sand with
abundant large quartzite and granite cob­
bles; moderately consolidated; no H Q  re­
action; dry.
‘ 19.0-19.2» S A M P LE .
. Recovered 0.9/0.2* ■ 450%.
Top .63*: very  fine-grained slough; dry.
.  SA N D  A N D  G R A V E L : light brown (5 Y R
5/6 ); poorly sorted clayey sand w ith
- abundant quartzite  pebbles; unconsoli­
dated; damp.
19.2-21.2» S A M P LE .
Recovered 2.1/Z&» •  105%.
19.2-20.4*: S A N D  A N D  G R A V E L : dark
yellowish orange (10 Y R  6/6 ); moderately
sorted cuttings w ith  few small pebbles;





B O R E H O L E
Loc«t low  Kockv F la c s  P la n r ;  E asr T re n c hes Area e o r e h e le z w e l l  Me. 32-87
C o o rd in a te s  
T e l e l  Depth
M 3 6 5 1 3 .7 0  
5 1 .7 0 '
E 2 5 2 5 6 . 2 1
Dri ll ing Company _ B o v le s _ ^ r o S _ _ _ _ _
D ote  Dri l led S ep tem ber 2 1 -2 4 . 1981,
Drill ing Method H ollow  Stem Auger 
Logged Sy J .  L . Bannon__________
Ground S u r fa c e  E levation 5 9 6 6 .1 2 '
W a t e r  L e v e l  E nco un tered  T7 i n '_________
S ta t ic  5 9 0 6 . 6 8 '  ( 1 2 / 0 1 / 8 7 )  
D r i l le r  R. Sharp
H e lp e r  T. M e r r i t t :  K. P a rk e r_____________
D r i l l in g  Fluid  
C h e c k e d  S y _
G eo log is t
None
zxnszzE î.
S ite  M a n a g e r
CEI
C om m ente
A ./# /--------------------------------------- / s a m p l e s  C o l l e c te d  e / o t h e r  T e s ts  F e r le rm i
. 20.4-21^*: S A N D  AND G R A V E L : moder­
ate reddish orange (10 R  6 /6 ); poorly
.  sorted; fine-grained clayey a n d  w ith
abundant large quartz and quartzite peb-
.  bies; consolidated; moderate H Q  reaction;
damp.
21.2-23.2’ SAM PLE.
— * Recovered 1.64/2J)’ ■ 82%.
SAND: moderate reddish brown (10 R
• 4 /6); moderately sorted; fin e  to medium-
grained; clayey quartz sand; unconsoli-
‘ dated; no H C I reaction; d ry to damp.
' 23.2-25.2* SAMPLE.
Recovered 1.7/2.0* -  85%.
‘ 23.2-24.25*: SAN D: dark yellowish orange
. (10 Y R  6 /6 ); well sorted, fine-grained.
clayey a n d ;  unconsolidated; damp.
. 24.25-24.9’: S A N D  AND G R A V E L : very
pale orange (10 YR  8 /2 ); moderately
. sorted a n d  w ith  very large quartzite
pebbles; w ell consolidated; dry.
" 25.2-27.2* SAM PLE.
■ Recovered 1.15/25* ■ 57%.
SA N D  A N D  G R A V E L  very pale orange
■ (10 Y R  8 /2 ) to light brown (5 Y R  5 /6 );
poorly sorted, clayey sand w ith  abundant




B O R E H O L E
L oca tion  Hockv F l a c s  P l a n e :  Ease T rench e s  Area
Coo rd ina te *  N 3651 1 .7 0  E 25256.21
To ta l  Depth 5 1 . 7 0 '  ______
■ o r a h o la /W a l l  N».  
Orowea S ur fac e  E
JZ -S 7
5966.12'
Drilling Company _ B o v l^ is _ J S ro s _ _ _ _  
D ata Dri lled .S e p re m h g r 2 1 -2 6 . 1981. 
Drilling Method H o llo w  Scent A uger 
Logged By J . L .  B a n n o n __________ ____
G o e lo g ia t
W e t e r  L e v e l  E n co u n te red  t?  i n '
« t e t l c  5906. AR' n? /m /«7 ' 
D r i l le r  R. Sharp
H e lp e r  T. M e r r i t t :  K. P a rk e r_____________
D r i l l in g  F ie ld  Hone ,__________
C h e c k e d  B ,  ^ > L U U ^ / lÜ A -P
Bite M a n a g e r
Commenta
L i t
' • a m p l e *  C e l l e c t e d  or 
'O th e r  T e e te  P e r fo rm e d
27.2-29.2' SAMPLE.
• Recovered 2.1/2J0* *  105%.
S A N D : light brown (5 Y R  5 /6 ) grading
-  down to dark yellowish orange (10 Y R
6 /6 ); very well sorted; very fine-grained
• clayey sand with rare subangular to sub­
rounded pebbles; w ell consolidated; moist.
Z S J d l Z  s a m e u l
Recovered 2J1/2J)* •  100%.
SAN D: moderate yellowish brown (10 Y R
' 5 /4 ); very well sorted; very fine-grained
. clayey sand; dense; well consolidated;
moist.
’ 31.2-32.2’ SAMPLE.
. Recovered 1.6/1.0’ *  160%.
S A N D : same as above w ith  more sand.. - and less clay; moderately consolidated;
damp.
312-33.2 ' SAMPLE.
‘ Recovered 1.6/1-0* » 160%.
SAN D: moderate yellowish brown (10 Y R
’ 5 /4 ); well sorted; very slightly mottled;
_ very fine  to fine-grained clayey sand; un-
* consolidated; damp.
‘ 3A2-35.2' SAMPLE.
. » . Recovered 1.4/1.0* *  140%.
34.2-34.65*: SAND: same as above;
-  yellowish gray (5 Y  7 /2).
34.65-35.2*: SAND: light brown (5 Y R.. - 5 /6 ); well sorted, "clean" sand w ith  thin
zone of subangular to subrounded quartz




B O R E H O L E
C o t a t i o n Kockv F l a t s  P la n r ?  Easr  T r e n c hes Area
C o e r d l n a i e e  N 36513 .70  E 25256.X I
T o t a l  Death 51.70*
Drill ing Company B ovles B ros _
D a ta  Dri lled S eptem ber 1987__
Dri l l ing Method H ollow  Stem A uger 
Lo gg ed  t y
G eo ieg ie t
■ o ro h o lo /W e l l  No, 32-87 
Ground Sartaeo Ctovatlon 5946.12*
W a t e r  Le ve l  E n co u n te red  17 i n '
S ta t ic  5906.68* (12/01/87') 
D r i l le r  R. Sharp 
N e ig e r  M e r r i t t :  K. P a rk e r  
D r i l l in g  Field None ......
CEARF M a n a g e r
Com m ente
/ S a m g l e e  C o l l e c t e d  or 
O th e r  T e s ta  F e r fe rm e d
35.2-36.2* S A M PLE.
Recovered 0.9/1.0* ■ 90%.
.. „ SAND: same as above; damp.
3 6 7 .3 7  7* SAM PLE.
Recovered 1.0/1.0* *  1009b.
.  SAND: dark  yellowish orange (10 Y R
6/6 ); very w ell sorted, clean sand with a
.  couple o f subrounded quartzite cobbles;
unconsolidated; damp.
' Recovered 1.3/1.0* ■ 1309b.
SAND: dark yellowish orange (10 Y R.. > 6/6 ); very w ell sorted, fine-grained clean
sand with zones of medium to coarse-. • grained quartz sand; some clay toward
bottom; flow ing ; unconsolidated; WATER
* T A B LE  at 37.3*.
..
‘ 2 L 2 J 2 .T -S A M E L E . _
. Recovered 1.0/1.0* ■ 1009b.
SAND: moderately sorted; medium to
. coarse-grained sand w ith  a large sub­
rounded quartzite  and large p ink granite
.. . cobble; saturated; drier downcore.
Recovered 1.0/1.0* ■ 1009b.. » « ■ SAND: very w ell sorted, flow ing sand.
Lower 0.15* dark  yellowish orange (10 Y R







B O R E H O L E
L o c a t io n  Kockv F la c s  P l a n t :  E as t T re n c h e s  A rea ■ e r e t ie le /W e l l  No. 32-87
C o o rd in a te *
T o t a l  Oeeth
N 3 6 5 1 3 .7 0  
51.70*
E 2 5 2 5 6 . 2 1
OrlUine Company B o v le s  B ros
D a ta  Dri lled S ep tem b er 2 1 -2 6 . 1987_ 
Drill ing Method H ollow  Stem Auger 
Lo gg ed  By J . L .  Bannon____________
G o e log ia t
Com mente
Ground Serfeee  Elewetlea 5966.12*
W a t e r  Lewet E no oan torod  1 7 .7 0 '  .
S ta t ic  5906.68* (12/01/871 
D r i l le r  R. Sharp
H o ld e r T. M e r r i t t :  K. P a rk er_____________
D ri l l in g  Field  None
C h o c k e d  By
Bite M a n a g e r
CEARF M a n a g e r
* w w .
Lit
fSamgloa C o l l e c te d  or  
'O th e r  Teete  F e r f e r m e d
Recovered 1.0/1.0* ■ 100%.
SA N D  A N D  G R A V E L : moderately sorted; 
medium to coarse-grained quartz sand 
w ith  large quartz and quartzite cobbles; 
subangular to subrounded; flowing; 
unconsolidated.
*1-2-42-2* SAM PLE.
Recovered 1.4/1.0* -  140%.
41.2-41.5*: S A N D  A N D  G R A V E L: same as 
above; moderately sorted; coarse; flowing  
sand.
4Î.5-4L2': S A N D Y  CLA Y: yellowish gray 
(5 Y  7 /2); very homogenous sandy day; 
moderately consolidated; saturated.
42.2-41.2» SAM PLE.
Recovered 1.25/1.0* -  125%.
423-43.0»: C L A Y E Y  SAND: yellowish
gray (5 Y  7 /2 ); flowing; moderately 
consolidated.
43.0-43.2*: S A N D  A N D  G R A V E L: mod­
erate yellowish brown (10 Y R  5/4); 
poorly sorted; flow ing; unconsolidated.
43-2-44.2* SAM PLE.
Recovered 1.4/1.0* »  140%.
SA N D  A N D  G R A V E L : moderate yellow­
ish brown (10 Y R  5/4); poorly sorted; mi­
nor clay; unconsolidated; saturated.
T O T A L  D E P TH  W ITH  PLOPFER: 44.00*




B O R E H O L E
L > c « t low Koçkv F la c s  P lan t-: E asr T re n c h e s  A rea 
C o e r d in e t e e  _N 36513 .70  E 252 5 6 ._2_1 
T o t a l  Oopth 51.70*
Drill ing Com pany B o v les B ros 
B a te  D r i l led  Septem ber 2 1 -2 4 . 1987 _
Dri l l ing M etho d  H ollow  Stem Auger
L o g g ed  By J .  L. Bannon
Oeelogtet
C o m m e n ts  -  — .—
•o r o h e iw / W all Me. 3 2 -8 7  ^
O reen d  Sertace  Blevatiew _5966^_122_______
W a t e r  L e ve l  Em o la  a ,  1 7 .  i n '
•  to t le  SQHA A»'
D r i l l e r  R. Sharp ________________ ______
H e lp e r  T. M e r r i t t :  K. Par k e r  
D ri l l in g  Field  None
C h o c k e d  By _ OL *
B ite  M a n a g e r
CEAMP M a n a g e r
44.(MS.(r SA M PLE.
Recovered 1.0 /1 .0 ’ -  100%.
.S A N D  A N D  G R A V E L : same as above;
flowing; unconsolidated.
‘ S J L M M * SAMPLE»
Recovered 1.45/1.0* •  145%.
SAN D A N D  G R A V E L: same as above;
- - flowing; unconsolidated.
46.0-47.0* SAM PLE.
Recovered 1.5/1.0* -  150%.
' 46.0-46J*: SAN D: moderate brown (5 Y R
4/4); moderately sorted; fin e  to coarse­
grained; flow ing; unconsolidated.
.. A R A P A H O E  F O R M A T IO N
..
46.3-47.0*: S IL T Y  C L A Y : light olive gray
(5 Y  5 /2 ); homogenous; silty; consolidated;
damp.
47.0-48.0» SAM PLE.
.. , Recovered 0.45/1.0* ■ 45%
CLA YSTO N E: ligh t olive gray (5 Y  7 /2 )
dense d ay ; very wet outside; consolidated;
moist.
' 4ÜM9.Q.* SAMPLE»
• Recovered 22 /1 .0* -  220%.
CLA YSTO N E: ligh t o live gray (5 Y  5 /2 )
•w ith  moderate yellowish brown (10 Y R
5 /4 ) mottling; th in  laminations visible;
* * - consolidated; wet.
- T O T A L  D EP TH  W ITH  PLOPPER: 49.3*.






to c a n a w K ockv F l a t s  P la n r?  F a sr  T ren c h es Area 
C e e r d M e le e  _N 3 6 5 1 3 .7 0  E 25256 .21  
T o t a l  Death 51 .70*
Drilling Company _ B o v les  B ros 
D ata  Dri lled S ep tem b er 2 1 -7 6 . 1 9 8 7 _
Drill ing Method j lo llo w _ S tem _ ^u g er_ _ _ _
Loggod By J . L .  Bannon______________ _
O e e le g ia t
Com m ents  _
■ e r e h o le /W e l l  Me. 32-87_________________
Croeme B e r le e e  E le v e t le e  5 9 6 6 .1 2 '
W a t e r  L e v e l  C n e . e e t e r e d
• t e t i e  5906.68* (1 2 /0 1 /8 7 )  
D r i l le r  R. Sharp  
H e lp e r  T. M e r r l t c ;  K. P arke r  
D ri l l ing  F ie ld  None
C h e c k e d  By i ) L < ^
S ite  M a n a g e r
CEARF M a n a g e r
. .  49.3.50,3* SAM PLE.
Recovered 1.35/1.0* ■ 135%.
. .  C LA Y S TO N E : laminated olive gray (5 Y  
3 /2 ) and yellowish gray (5 Y  7 /2 ) day; 
.  „ wet outside; damp inside.
. .  50-3.513* SAM PLE.
Recovered 1.1/1.0* ■ 110%.
- » C LA YSTO N E: mottled medium dark gray 
(N  4 /0 ) and yellowish gray (5 Y  8 /1 ) day; 
■■ slightly sandy in areas; wet outside; con­
solidated; damp.
T O T A L  D E PT H : 51 JO*
